Based on test results of 6 full-scale brick walls (5 of them are strengthened by gluing CFRP plates on the surface of the walls), the damage mechanism of strengthened walls is studied. Parameters which affect mechanical behaviors of the strengthened walls are analyzed, and a theoretical method is proposed to calculate the shearing capacity of CFRP strengthened walls under earthquake. The theoretical results match well with those of the test.
INTRODUCTION
Masonry structures are widely used in building engineering. However, the masonry's structure can be easily attacked by the earthquake because of its brittle mechanical behavior. It is, therefore, very important to strengthen masonry structures properly in the seismic zone for the safety of the structures. Compared with other materials, FRP materials are very competitive in the strengthening of masonry structures because of their properties of high strength, light weight, resistance to corrosion etc. Many researchers have focused on test studies of the strengthening for masonry structures by using FRP sheets, tendons or plates. These are basic approaches to understand the mechanical behaviors of strengthened walls /1-8/. But in order to apply studies to practice, an applicable theoretical method of calculating the bearing capacity of the strengthened wall must be developed.
In this paper, a theoretical method, which can be easily applied to the design of brick walls strengthened with CFRP plates, is proposed based on the test study to estimate the shearing capacity of strengthened brick walls under earthquake. Comparing the theoretical results to the results of the test, the proposed method is proved to be accurate enough.
TEST STUDY

Specimen Details
Six full-scale brick wall specimens were constructed (TW01-TW06). The dimensions of the specimen are shown in Figure 1 . Except TW01, the specimens are strengthened with CFRP plates on both sides of the wall. The CFRP plate of Sika-CarboDur S1012 and S0512, which are 1.2mm thick, and the adhesive of Table 1 
Mechanical Properties of Materials
Test Set-up
The test set-up is shown in Figure 3 . Three jacks were used to apply a constant compressive stress on the CFRP plate , TW06 b) TWO 3 arrangement of strain gauges top of the wall in the test to simulate the action of a vertical load N. A cyclic lateral load Ρ was applied on the top of the wall through the concrete beam by an actuator. Data from load cells, displacement transducers, and strain gauges were acquired using a computer controlled data acquisition system.
The vertical load Ν for specimen TW01, TW02, TW03 and TW04 is 500kN; that for TW05 is 250kN, and that for TW06 is 375 kN.
The lateral cyclic loading system of specimen TW01 was force-controlled until the wall cracked. The displacement 4) on the top of TW01 corresponding to the shearing capacity of the wall was recorded and was used in the displacement-controlled phase for other specimens. The cyclic lateral loading system for other Before the test, all of the jacks and the actuator were carefully aligned to make sure that the vertical and horizontal load were applied exactly in the plane of the wall. Besides, the displacement of out-of-plane at the center point of the wall was monitored in the test.
ANALYSIS OF TEST RESULTS
Shearing Capacity
Skeleton curves of the lateral load-displacement relationship for all specimens acquired from the tests are shown in Figure 4 . The shearing capacity and characteristic values of the displacement of the tests are summarized in Table 2 . In Table 2 , Ν is the vertical load applied on the top of the wall, F wf ' is the shearing capacity of the wall, AQ is the displacement on the top of Displacement (mm) From Figure 4 and Table 2 , it can be seen that both the shearing capacity and the deformability of the strengthened wall can be improved noticeably by gluing CFRP plates on the surface of the wall.
The vertical load Ν is the main parameter to affect the shearing capacity of the strengthened wall. The strengthening manner is another factor that affects the shearing capacity of the strengthened wall.
Although the CFRP strengthening ratio of TW03 is 25 percent higher than TW02, the maximum lateral load of TW03 is approximately the same as TW02 due to different strengthening method for TW03.
With the increase in the amount of CFRP plates, the shearing capacity of the strengthened wall will increase, but there is an upper limitation amount of CFRP plates to strengthen a given brick wall. The CFRP strengthening ratio for TW04 is 50 percent lower than that of TW02. However, the maximum lateral load and deforming capacity of TW04 are almost the same as that of TW02. be increased. Figure 6 shows the debonding that occurred at the significant influence to the value of % by comparing the end of the CFRP plate of the strengthened wall. strain values of TW04, TW05 and TW06 in Table 3 .
Typical Failure Mode
Strain of CFRP Plates
Even though the glued CFRP plates can work well together with the brick wall, the strain inside the CFRP plates is not very big because of the limited deformability of the brick wall. Table 3 
CALCULATION OF SHEARING CAPACITY
Calculation method
According to the behavior of the strengthened wall observed in the test, the shearing capacity of the strengthened wall can be estimated by taking into account the coupling action of the cracked brick wall and CFRP plates. The calculating model is shown in Figure 7 and in Figure 8 . In Figure 7 and Figure 8 , the contribution of the cracked brick wall to the shearing capacity of the strengthened wall, K w , can be determined Table 3 The strain of the CFRP plate and the strain coefficient a by using the shearing-friction theory, and the contribution of CFRP plates, V f , can be explained by the truss action shown in Figure 7c and in Figure 8c . In the truss model, the compressive action of the CFRP plate is neglected when there is no out-of-plane action. So, the shearing capacity V wf is:
Based on the shearing-friction theory, the static shearing strength of the masonry material under the axial load is
where: a y = axial stress applied on the masonry material.
/ v0 = pure shearing strength of masonry material; it can be calculated through Eq. 3 /10/.
Λ ο=*5λ/Λ
where: = coefficient, for brick material, £5 = 0.125. 
Knowing the shearing strength of the material, the contribution of the cracked wall to the shearing capacity can be deduced through Eq. 5.
where: A = section area of the strengthened wall.
Neglecting the compressive action of CFRP plates, the contribution of CFRP plates to the shearing capacity of the strengthened wall can be gained by using the equilibration condition in Figure 7c where: % = the strain of CFRP plate corresponding to the shearing capacity of the strengthened wall.
Substituting Eq. 6 and Eq. 5 to Eq. 1, the value of K W | can be calculated: table that the vertical stress a y is the main factor to affect the strain coefficient. Figure 9 gives the relationship of a and a y acquired from the test. According to the results shown in Figure 9 , the strain coefficient a can be estimated through Eq. 9.
Strain coefficient α
The calculation results of a for the testing strengthened wall are listed in Table 3 
